~" This paper presents the results of a total of 468 aneurysm operations performed on a consecutive series of 463 patients in an 8-year period, using microsurgical techniques. About two-thirds of the patients were operated on within the first 2 weeks after hemorrhage. The postoperative mortality was 4.5%. A good result was obtained in 74.5% of cases, and a fair result in 11.8%, whereas 9.2% were permanently disabled. Hypothermia was used in 142 operations, and 326 were carried out under induced hypotension. Immediate and late results of surgery are discussed with reference to selection of patients, timing of surgery, and the anesthetic and operative procedures.
D
URING the last 10 years, microsurgical techniques have been introduced as a routine procedure for intracranial aneurysm treatment in many centers, l~ Microsurgery has definitely improved results obtained, and aneurysms that previously were considered inoperable are now accessible.
In the handling of the individual patient with subarachnoid hemorrhage (SAH), the surgeon faces two sets of problems. The first is related to hematoma formation, circulatory impairment, cerebral edema, or acute hydrocephalus. 1s, 47 The second involves the question of when and how to prevent a recurrent SAH. There has been much interest in the selection of patients and the timing of surgery. 2,5,e'l~176176 Nevertheless, several aspects regarding anesthesia and the microsurgical technique employed merit further discussion. 15, 41, 43 We have previously described our procedure for preoperative handling of these patients, including methods for monitoring selected patients with SAH. a9,42 This report presents the results of 468 operations in a consecutive series of 463 patients treated, with a few exceptions, by the same surgeon (H.N.). The series covers an 8-year period, starting in 1970, when microsurgical facilities first became available to our clinic.
Summary of Cases

Clinical Material
Most patients in our series presented with SAH. An unruptured aneurysm with mass effect was found in 18 patients. The aneurysm was found incidentally in five other cases. Twenty patients had multiple aneurysms treated, including three patients who came back for elective surgery and two patients who returned with late rebleeding from a second, untreated, aneurysm. The age distribution is shown in Table 1 . No patient older than 69 years was accepted for surgery. The youngest patient was a 3-year-old boy with an unruptured aneurysm.
A total of 142 operations were performed under hypothermia. Induced hypotension alone has been used in the 326 operations performed since 1973.
Preoperative Care
The majority of patients remained at the referring hospitals until their condition was considered sufficiently stable for transfer and surgery. A small minority with signs of intracranial hematoma were transferred at once for decompressive management. Preoperative treatment consisted of bed rest, sedation, and analgesics. 36,39,'~ No vigorous attempt was made to lower the arterial blood pressure (ABP), and anti-Mierosurgery of intraeranial aneurysms -19  8  6  8  2  20-29  20  14  35  11  30-39  24  17  55  17  40-49  40  28  76  23  50-59  33  23  93  29  60-69  17  12  58  18  total  142  I00  326  100 
A ngiography
Most patients underwent angiography immediately before transfer. Bilateral carotid injection was the standard procedure; the vertebrobasilar system was also investigated in approximately 20% of the cases. During the period studied, only four patients underwent craniotomy for SAH and on the angiographic suspicion of an aneurysm, which was not confirmed on surgical exposure. All these patients did well, but are not included in the series. About 23% of the patients with SAH showed signs of arterial spasm in the angiograms; however, repeat angiography was seldom performed in these patients because of the risk of complications.
Timing of Surgery
Preoperative grading was according to the classification of Hunt and Hess. 2~ Retrospectively, Grade 0 was added to differentiate patients without SAH, according to the revised classification of Hunt and Kosnik. 21 Patients in Grade 0 underwent elective surgery, those in Grades 1 and 2 were operated on as soon as possible. Table 2 shows the interval from last SAH to operation for the 442 patients with SAH. Operative treatment was delayed for some days in most Grade 3 patients; however, 29% of these patients were still classified as Grade 3 at operation. About two-thirds of all patients were operated on within 2 weeks after SAH. Grade 4 and 5 patients often required evacuation of large clots. A few patients were treated initially for clot removal alone, and entered this series as Grade 1 patients (Hunt and Kosnik's Grade IA).
Anesthesia Adjuvant
Hypothermia, with a core temperature between 28 ~ and 31 ~ C, and normotension were used in 142 operations during the first 3 years of this study. Induced hypotension has been the only anesthetic adjuvant since 1973. Both groups include a few patients treated as emergencies with insufficient or no such adjuvant. The procedure for induced hypotension has been described previously. 41 Mean ABP was seldom reduced to below 60 mm Hg, and then only for a few minutes.
Surgical Procedure
The general principles for approach were similar to those described by Krayenb~ihl and Yasargil. ~ Reduction of brain volume was obtained by mannitol at induction of anesthesia and by intraoperative drainage of cerebrospinal fluid (CSF).
Vertebrobasilar aneurysms were approached through a suboccipital craniectomy, and terminal basilar aneurysms along a subtemporal route? ,",2s The great majority of aneurysms were located in the anterior circle of Willis; these aneurysms were approached along the sphenoid wing, except for a few subfrontal procedures. An interhemispheric approach was used in the 19 patients with distal anterior cerebral artery (pericallosal) aneurysms. The ultimate goal was always the occlusion of the aneurysm neck; however, in a few cases this was not possible due to aneurysm geometry and vascular anatomy. In those cases, a trapping procedure or simple wrapping was undertaken. Graded occlusion of the internal carotid artery (ICA) was never performed during the 8 years of the study.
Targeted, direct aneurysm approach was used more frequently during the last 2 years, but our routine procedure is still to secure access to the parent artery first. The parent artery was temporarily occluded in 69 patients, most of whom had large or giant aneurysms. The occlusion time seldom exceeded 2 minutes, and about 5 minutes was allowed for reperfusion if a second temporary occlusion was undertaken. In 19 of these patients, intravenous heparin (7500 units) or intra-aneurysmal injection of heparinized saline was used in conjunction with temporary occlusions of up *Aneurysm leading to diagnosis and surgery. ICA = internal carotid artery; PCoA = posterior communicating artery; ACA = anterior cerebral artery; MCA = middle cerebral artery; AVM = arteriovenous malformation. to 3 to 5 minutes. Specially prepared low-tension Scoville clips with a smooth inner surface were employed for this procedure. Bipolar coagulation was used routinely but never on the aneurysm neck. Intracranial surgical procedures were performed with the aid of a Zeiss OpM I operating microscope. A wide variety of commercially available clips was used for permanent occlusion. Clips were often readjusted to a better position or replaced in order to obtain the best possible occlusion. No patient underwent ligature by thread alone or aneurysm coating. Nearly all aneurysms were opened after clipping to confirm adequate occlusion and to eliminate mass effect in the larger ones. Seven patients with giant or large aneurysms underwent endoaneurysmectomy with removal of organized thrombi or calcified material before final application of the clip.
During these 8 years there was no major change in our policy with regard to patient selection, timing of surgery, and grading according to surgical risk.
Immediate Postoperative Results
Satisfactory clipping of the aneurysm was accomplished in 436 cases (90.1%). Unsatisfactory clipping with added wrapping was performed in eight patients, and wrapping alone in 17 patients. A trapping procedure was chosen in 23 patients (4.7%), most of whom had anterior communicating artery (ACoA) aneurysms treated by occlusion of the ACoA. Eight patients rebled while awaiting operation in our department and were operated on as emergencies. All did badly with the exception of one patient who had a fair result.
Premature rupture of the aneurysm during induction of anesthesia and hypothermia occurred in six patients (4.2%), two of whom died. Of the 326 patients in the hypotension series, premature rupture occurred in three (0.9%), but had no demonstrable adverse effect. In 48 patients the aneurysm ruptured on surgical dissection and exposure. One patient with a broad-based ICA aneurysm bled profusely for nearly 3 minutes before satisfactory clipping was achieved, and he became hemiplegic.
Three patients rebled and died in the postoperative period. Two of these had been treated with gauze wrapping, the third suffered a hemorrhage from a contralaterai untreated aneurysm. Eleven Grade 3 patients had good surgical results initially, then deteriorated slowly over a couple of days, usually starting between the second and fifth postoperative day. Three of these patients died, and the remaining eight had a poor result. These complications were clinically classified as ischemic lesions. Four patients showed widespread spasm on angiography. Only one patient had been subjected to temporary occlusion of the parent artery, while five were treated with a trapping procedure, for aneurysms of the ACoA in four and of the ICA in one. Good-risk patients rarely deteriorated from ischemic complications, and those who did showed a remarkable recovery (see Table 7 ).
Late Results
The follow-up examinations were performed in our department or in the local neurological department from 6 months to 8 years after operation. The result was defined as "good" when the patient returned to full previous activity. Mentally intact persons working part-time or with otherwise slightly modified activity were described as "fair" results. A few of these patients have minor mental problems that do not interfere with social life and work. Patients with permanent disabling neurological and mental deficits were considered "poor" results. Good results were obtained in 349 cases (74.5%), fair results in 55 (11.8%), and 43 patients were permanently disabled (9.2%). Postoperative mortality was 4.5%.
In six patients, recurrent hemorrhage occurred from 18 months to 6 years after operation. Three of these bled from another, untreated, aneurysm. One patient probably bled from an inoperable arteriovenous malformation (AVM). Two patients had rerupture of an insufficiently clipped aneurysm, both at the middle cerebral artery (MCA) trifurcation. Four of these six patients died from these recurrences, the two others re-entered the series. One was discharged with severe neurological deficit while the other, who had suffered a mild SAH, tolerated the second operation well, and was eventually discharged in good condition with a second aneurysm safely occluded.
The results of surgery related to the site of aneurysm are shown in Table 3 . The two patients in the vertebrobasilar group who did badly underwent surgery on the terminal basilar artery2 , 11 The results from surgery on the anterior circle of Willis are somewhat better than for the MCA; the latter group had a higher frequency of clots. The treatment of multiple aneurysms also showed overall good results as did the combined procedures in six patients (AVM and carotid stenosis).
Comparison of the timing of surgery and clinical results (Table 4) shows what is already well known, namely, that there is a reduced risk after the second week. This factor must be considered with regard to the natural history of SAH and the risk of rebleeding while awaiting operability? ~ However, our results have not changed our general handling of these patients with regard to the timing of surgery. Table 5 compares results in the hypothermic and the hypotensive series, The results in the hypotensive series are somewhat better, but Table 5 clearly shows that the preoperative clinical condition is an important factor for the outcome in both series. We should stress that results as listed in these tables do not specifically refer to the result of surgery alone, but are also influenced by the effect of SAH. The only clear exception is for Grade 0 patients (without SAH). Table 6 presents the results in good-risk patients; the hypotensive series shows the same slightly better outcome as in Table 5 .
It is of particular interest to analyze complications and poor results in this group of good-risk patients. These are presented in Table 7 . Wrapping did not prevent a second hemorrhage in Cases 1 and 2. The results in Cases 4 and 9, and perhaps Case 6, were due to surgical error. The giant size of the aneurysm in Case 6 was not recognized until surgical exposure, because it was heavily thrombosed. That patient was operated on for a serious deterioration of visual acuity. Table 8 analyzes the results in relation to patients' age at operation and shows that elderly patients tolerate this type of surgery quite well. It should be stressed, however, that only moderate hypotension was employed in persons over 60 years. We now feel that the concept of vascular age is more useful than chronological age, and accordingly we are now more willing to consider patients in their eighth decade for surgery. *ICA = internal carotid artery; ACA = anterior cerebral artery; MCA = middle cerebral artery; PCoA = posterior communicating artery; SAH = subarachnoid hemorrhage.
tOnly large and giant aneurysms are indicated. Large = 1.5 to 2.5 cm; giant = > 2.5 cm.
:~Patient had no SAH.
Seizures occurred in 29 patients, in most cases only once or twice in the postoperative period. Scalp infections were noted in two patients, and a third patient developed osteomyelitis and required removal of a bone flap. A total of 18 patients had a ventriculocaval shunt implanted because of impaired CSF outflow. Nine of these were classified as improved by this procedure.~4,24,5~,5~
A consecutive series of 152 control angiographic investigations during the first years of this study showed excellent correlation between the result of clipping as judged at operation and the angiographic picture. None of these late x-ray studies revealed any complications and we have therefore abandoned this routine investigation after an uneventful clipping of an aneurysm with a well applied and reliable tension-bar clip. The risk of complications from angiography is -29  47  4  3  1  55  12  30-39  60  9  3  7  79  17  40-49  87  12  10  7  116  25  50-59  89  17  17  3  126  27  60-69  50  13  9  3  75  16 low. Nevertheless, there should be a clear indication for such investigations.
Discussion
During the last decade, most centers have changed from hypothermia to hypotension as an anesthetic adjuvant. 7,s,3~
The results of our hypotensive series are somewhat better than the hypothermic results, but it should be remembered that the hypothermic series included our first patients to be operated on by microsurgical technique. These better results must, at least to some extent, reflect more recent technical advances and the cumulative benefit of experience. In the hypothermic series, 14 patients (9.9%) had their aneurysm wrapped, TM whereas only three patients (0.9%) were so treated in the hypotensive series. The merits of hypothermia are well documented, v,26,2a and we still believe that this adjuvant might be of interest in cases of planned protracted arterial occlusion. 27 On the other hand, our results show that open aneurysm procedures, even endoaneurysmectomy, can be carried out within a few minutes and at normothermia.
The level of hypotension has been discussed by various authors? ~ In a previous study we have tried to clarify the autoregulatory capacity and the lower level of cerebral arterial autoregulation in aneurysm patients. 4~ A deep, protracted hypotension should be used with care, particularly in patients of Grade 3 or worse, those with known hypertension, and in elderly persons. Furthermore, the pressure of brain retractors in addition to the established cerebral perfusion pressure must also be considered. We cannot 6]2 justify routine lowering of ABP below a mean of 60 mm Hg just to ease handling of the aneurysm or to "slacken the sac." If such an effect is desirable, or the aneurysm is to be opened, the solution is a temporary clip on the parent artery. Temporary clipping also enables the surgeon to handle the aneurysm more boldly during the final dissection and clipping procedure, and reduces what, in our opinion, should be termed "brain retraction tittle. ''1,4' This time factor probably deserves the same attention as brain retractor pressure itself. Furthermore, the use of selfretaining retractors and the pressure applied through them must be weighed against the use of minor brain resections, as, for example, gyrus rectus resection in subfrontal procedures for certain ACoA aneurysms.
The benefit of heparin administered intravenously or by intra-aneurysmal injections is not as yet confirmed; however, this treatment has not caused any known complications. This is in part due to the microsurgical equipment, which facilitates a good hemostasis. The advantages of these instruments are well documented. ~,4~,46,49 Bipolar coagulation for the reduction of the sac or with the intention of making an aneurysm neck has never been attempted. The advantages are, in our opinion, not convincing and the hazards obvious. The rupture of the neck close to the parent vessel is disastrous, and an electrothermic effect on the parent vessel and particularly the invisible or hidden branches and perforating arteries is considered a threat to circulation.
Rough handling of the aneurysm can cause both local and remote untoward effects. The risk of squeezing out emboli 8 by tweezers or at clip application deserves attention, and the danger from a kinking or narrowing of the parent vessel caused by a tight clip application is recognized by every surgeon in this field?
All aneurysms subjected to ligature or clip application should be opened. This should be done as a final procedure in order to confirm a safe occlusion. Furthermore, in cases of large and giant aneurysms, a resection should be considered so as to avoid harmful mass effect from the remaining sac. Clips used to slip more frequently before modern tension-bar clips became availableY ,52 Nowadays such complications are mostly due to mishandling of the aneurysm rather than clip failure. Modern aneurysm clips should not be used for temporary clipping of arteries unless they are specially prepared? 2 Our results show that most aneurysms can be secured with a clip, and it is stressed that many of these procedures were made possible by the use of temporary occlusion.
The management of a patient with multiple aneurysms is easy when the sacs can be reached through the same exposure. 4,~6,22,~1,34,3~ Indications for a second operation in cases of unruptured aneurysms are the accessibility of the sacs and the clinical condition of the patient. Good-risk patients with multiple aneurysms should always be considered for a second operation? ~ In this series, satisfactory rehabilitation was obtained in the three patients who were selected for surgical treatment of a contralateral unruptured aneurysm. In our hypotension series, 97% of patients in good condition preoperatively regained satisfactory activity after surgery. Operative exclusion of unruptured aneurysms seems justified.
A continuing evaluation with discussion of policy and methods is necessary to offer these patients the best possible treatment. Drake 1~ is obviously right when he states that surgeons cannot advise an intracranial operation unless they can considerably improve on the natural mortality and morbidity associated with the aneurysm in question. It is our firm opinion that proper selection, preoperative care, and timing of surgery are cornerstones in the management of these patients, equal in importance to their treatment in the operating theater.
